Two conserved histidine residues are critical to the function of the TagF-like family of enzymes.
The TagF protein from Bacillus subtilis 168 is the poly(glycerol phosphate) polymerase responsible for the synthesis of wall teichoic acid and is the prototype member of a poorly understood family of similar teichoic acid synthetic enzymes. Here we describe in vitro and in vivo characterization of TagF, which localizes the active site to the carboxyl terminus of the protein and identifies residues that are critical for catalysis. We also establish the first mechanistic link among TagF and similar proteins by demonstrating that the identified residues are also critical in the function of TagB, a homologous enzyme implicated as the glycerophosphotransferase responsible for priming poly(glycerol phosphate) synthesis. We investigated the dependence of TagF activity on pH and showed that deprotonation of a residue with a pK(a) near neutral is critical for proper function. Alteration of histidine residues 474 and 612 by site-directed mutagenesis abolished TagF activity in vitro (5000-fold reduction in k(cat)/K(m)) while variants in four other conserved acidic residues showed minimal loss of activity. Complementation using H474A and H612A mutant alleles failed to suppress a lethal temperature-sensitive tagF defect in vivo despite confirmation of robust expression by Western blot. When corresponding mutations were made to the homologous tagB gene, these alleles were unable to suppress a tagB temperature-sensitive lethal phenotype. These results extend the mechanistic observations for TagF across a wider family of enzymes and provide the first biochemical evidence for the relatedness of these two enzymes.